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Expression of the cotransporter, masBSC, in Manduca sexta.
Michael J. Stulberg ’05 and Dr. Chris Gillen
Abstract:
We wanted to know how organisms dealt with scaling issues during their growth. The growth in 
overall mass of an organism is greater than the growth of the stomach/midgut surface area, 
and this increase in mass also corresponds to an increase in food intake. Specifically we set 
out to test whether the concentration of a cotransporter was upregulated in caterpillars of older 
instars to accommodate for the increase in mass to midgut surface area ratio. Western blots 
revealed that the antibody purification worked and that the cotransporter can be detected in 
many different tissues. The comparisons were also done using Western blots and provided 
results suggesting a fluctuation in masBSC protein during each instar.
Introduction:
Allometry is present in all organisms ranging from bacterium to whales. Defined as the change in proportions of 
parts of an organism as a result of growth, allometric scaling can be seen within an organism and across 
species. Relating to a small organism like the mouse, their organs in relation to their overall mass will be at a 
greater ratio than an elephant’s organ to overall mass ratio. Just looking at the elephant, a younger one will 
have a larger stomach to overall mass ratio than a fully grown elephant. Many questions arise from this 
biological phenomenon. In what physiological way do fully grown elephants cope with a larger intake of food 
and a smaller stomach to mass ratio than when they were young? Possible answers include an increase in 
metabolic rate, an increase in diffusible membrane, or an increase in ion transport.
Manduca sexta caterpillars are excellent for studying allometric growth. During the course of development 
these caterpillars can increase 10,000 fold in mass over 5 instars. During the molting period between instars 
their epithelium increases 4-fold (Gibellato and Chamberlin, 1994). This natural occurrence provides a nice 
model because their midgut mass will increase only 256-fold over the 4 molting periods while the overall mass 
will increase nearly 40 times that much! The size and shape of the epithelial cells do not change during growth 
(Gibellato and Chamberlin, 1994), nor does the ratio of five columnar cells to one goblet cell. In the midgut, the 
large goblet cells create the large K+ and pH gradient across the membrane, while the columnar cells are 
thought to absorb nutrients (Chamberlin et al, 1997). It is also worth remembering that the surface area of the 
midgut will increase by the square, but the mass of the organs and organism will increase by the cube, 
increasing the need for an adjustment in metabolism during growth. Chamberlin et al (1997) observed an 
increase in active ion transport from 4th instar to 5th instar when caterpillars resumed feeding. Armed with this 
knowledge, it is not unreasonable to hypothesize that an increase in the production a cotransporter protein 
may be observed in older feeding larvae. 
Conclusions:
• Through two tissue collecting techniques we observe a variation within instars 
of the amount of cotransporter masBSC. Possibilities for variation include 
individual variation between caterpillars, regulation during the instar, regulation 
during the meal cycle, or something not yet thought of. 
• Future experiments include comparing different aged caterpillars within 
instars, starved versus unstarved caterpillars, and looking at the mRNA 
concentration for masBSC.   
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Materials and Methods:
Antibody Purification:
The M6 antibody was purified using affinity binding through a Protein A column, following NabTM Spin 
Purification kit protocol (Pierce, Rockford, IL).
Tissue preparation:
Manduca sexta were obtained from a commercial supplier (Carolina biological), fed an artificial diet (Hornworm 
diet, Carolina biological), and grown to 3rd, 4th, and 5th instars. Feeding caterpillars were anesthetized on ice 
had their midguts dissected out into ice-cold JTB buffer with protease inhibitor (Complete mini, Roche 
diagnostics). The concentration of inhibitor ranged from 1 tablet per 15ml to 1 tablet per 25ml. 
Whole tissue lysis:
Approximately equal amounts of tissue were put into either 100l or 250l of hot sample buffer (TSB containing 
100mM DTT, pre-heated to 87C) and homogenized with a plastic handheld homogenizing tool. Only one 
caterpillar was needed per sample for each instar. Samples were incubated between 87 and 90C for 10 
minutes, re-homogenized, incubated for another 5 minutes and then stored at -20C.
Membrane prep:
Membranes were prepared with a Teflon/glass homogenizer and collected by centrifugation (34,500xg for 
40min). Protein concentrations were determined using bicinchoninic acid method (BCA  Reagent, Pierce 
Chemical, Rockford, IL).
Western blotting:
Equal amounts of midgut protein were run on 7.5% acrylamide gels. Proteins were transferred to PVDF 
membrane. MasBSC was detected with a primary antibody concentration of  0.001 to 0.0015µg/ml and a 
secondary antibody concentration of 0.025 to 0.05µg/ml. Blots were visualized with chemiluminescence and a 
digital camera. 
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Figure 1: A Western blot of cell lines that were 
transformed with a vector, either with masBSC (#4) or 
without (PGEX), and subjected to induction of the 
gene (+) or no induction (-). The arrow near 50kDa 
points to the masBSC protein, which is only showing 
activity when expression is turned on in cells that have 
the gene.
Figure 2: A Western blot of 5th instar 
midgut, 3rd instar midgut, and salivary 
gland tissue. The arrow points to where 
masBSC is being recognized in tissue, 
around 220kDa.
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Figure 5: A Western blot comparing 4th instar Malpighian tubules (MT), 
4th midgut (MG), and 5th instar midgut run at equal amounts of protein 
calculated using BCA methods. The 5th instar MG tissue on the far right 
is a positive control. Activity seen by the Crab Gill indicates the antibody 
recognizes masBSC across species. The 5th instar MG shows more 
activity than 4th instar MG, and 4th instar MG shows more activity than 4th
instar MT. The arrow points to masBSC.
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Figure 6: A Western blot comparing 4th instar midgut to 5th instar midgut. Both 
the 4th and the 5th instar midguts showed variation in activity. Protein 
concentration was determined using BCA methods and proper dilutions 
made to run equal amounts of protein on the gel. The arrow points to 
masBSC.
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Figure 3: a) Approximately equal amounts of protein are seen in 
each lane of the coomassie stain of the blot.
b) A Western blot of different tissues of a 5th instar caterpillar. 
Tissue was prepared using the whole tissue lysis method. The 
tissues are Trachea (T), Salivary gland (SG), Malpighian tubules 
(MT), Nerve (N), Midgut (MG), Foregut (FG), Hindgut (HG), and fat 
bodies (FB). Activity is seen for all tissues, with Foregut having the 
most. The farthest right lane (5th MG) is a positive control, 
prepared using the membrane prep method. The arrow points to 
masBSC.
Figure 4: a) A coomassie stain of the blot shows that approximately 
equal amounts of protein were run on the gel. b) A Western blot 
comparing 3rd, 4th, and 5th instar midguts. Some variation is seen in 
the amount of activity each sample provides for the same instar, and it 
does not appear as though there is any major difference in the amount 
of activity at any given instar. The line indicates masBSC. 
206
165
80
3rd
MG
4th
MG
5th
MG
3rd
MG
4th
MG
5th
MG
a)
b)
Results: Whole tissue lysis preparation. Results: Antibody Purification.
Results: Membrane preparation.
